been recorded. Perhaps several times that number of biopsies have actually been performed. Although the percutaneous renal biopsy is well established as a research procedure, it is not so well established as an ordinary diagnostic procedure. It is the purpose of this review to discuss the use of the percutaneous renal biopsy as a diagnostic tool and to discuss the changes in concept of renal disease that have resulted from its use in investigation.
RISKS AND INDICATIONS As with all operative procedures, the percutaneous renal biopsy carries certain risks. Even though local conditions vary widely a limited evaluation of the risk is feasible. In at least 3 institutions a series of 500 or more biopsies without mortality has been accumulated. In many other institutions the percutaneous renal biopsy has been performed in 200 or more cases without mortality. On the other hand several deaths have occurred on the first attempt or in a small series. The natural reluctance to report this tragedy has kept some of this experience from the literature. It would appear that in experienced hands the risk of mortality should be less than 0.1 per cent.
In several of those deaths that have been reported or are known to us the actual mechanism of death is not known. Several reported deaths may have been unrelated to the biopsy procedure. Of the known causes of death, hemorrhage and shock are of first importance.
From the Department of Medicine and Pathology, University of Chicago Medical School, Chicago, Ill. 609 Morbidity, however, has been experienced in almost every series. Hemorrhage of some degree probably occurs after every biopsy. In terminal or near terminal patients an antemortem biopsy is accompanied by evidence of blood loss ranging from 10 to 50 ml. The local tissue forces in the region of the posterior aspect of the kidney seem quite capable of tamponade and control of this amount of bleeding.3 In most cases the only evidence of bleeding from the biopsy site is the appearance of blood in the urine. Hematuria is usually microscopic in amount and persists no longer than 36 hours. Bleeding produced by transection of small arteries in the kidney has occasionally been observed. These hemorrhages usually halt spontaneously.
More serious accidents also occur. Occasionally the needle has been known to pentrate the pelvis of the kidney. This is discovered by the refiux of urine through the biopsy needle or from recovery of mucosal tissue in the biopsy specimen. Although this would seem to be a serious event it is usually uncomplicated unless the urinary tract is obstructed. Occasionally the hilar vessels have been opened by the percutaneous needle. Bleeding from this source is potentially serious, especially if the renal vein is involved. Although bleeding from the hilar vessels is more serious than from others, hemorrhage from any source may be alarming. Hemorrhage has on occasion required operative intervention for control. The incidence of se-C6LINICALC PROGRESS fusion. It has been thought that the incidence of hemorrhage is much higher in cases of malignant hypertension, uremia, primary bleeding dyscrasias, obstructive uropathies, and polycystic disease.
Immediate or delayed pain occurs in a small number of patients. The pain may be either colicky or it may be constant and localized in the flank. It is rarely severe.
Edema does not by itself seem to increase the risk of the percutaneous biopsy; many patients with the nephrotic syndrome have been biopsied without difficulty. It is also surprising that infections in and around the kidney are apparently not complicated by biopsy. Fever after biopsy even in the presence of pyelonephritis is extremely rare.
The size or age of the patient also does not seem to limit the procedure. At least 1 patient of 450 pounds, has been biopsied successfully. 3 The percutaneous renal biopsy has been carried out successfully at every age from 1 year into the seventh decade. It is probable that at both ends of this age range the risks are increased. It is usual though not always necessary in smaller children to carry out the procedure under heavy sedation or anesthesia.
In addition to certain reservations in the selection of patients with hypertension, bleeding dyscrasias, etc., a careful study of the x-ray films of the kidney will probably prevent a small number of accidents that would occur because the kidney is in an abnormal location. A single kidney would seem to be sufficient cause for avoiding a biopsy. It also appears to be a sound practice to carry out the procedure in the hospital and to keep the patient under observation and at bed rest for 48 renal biopsy has had early difficulty in specifically characterizing changes that are obviously pathologic and relating them to current pathologic concepts. Some of this difficutly resolves as local experience accumulates, but some is apparently due to the lack of recognized standards for many stages of disease which heretofore were seen at the autopsy table only, and then usually in the terminal period of the disease. These difilculties are being resolved by serial renal biopsies in longterm studies with good clinicopathologic correlation.
Some of the problems of interpretation are currently insurmountable and no clear way of overcoming them is now apparent. The biopsy sample is usually taken at random. If the lesions are focal and scattered they will be discovered only by chance. The lesions of Kimmelstiel-Wilson disease and scleroderma, for example, are often so focal that a very large specimen would be needed to insure inclusion of a diagnostic lesion. Others, such as glomerulonephritis, with more uniform diffuse involvement will be discovered if a reasonably good sample is obtained. Although the electron microscope is not generally con-sidered a clinical tool, its role in the resolution of some of the problems of the renal pathology has become very important, for it provides information that is not currently available in any other way. The problem of random sampling is magnified several fold in studies with the electron microscope. Because if its increasing importance the findings with electron microscopy will be discussed along with those of light microscopy.
MEMBRANOUS LESIONS OF THE GLOMERULUS
One of the most intriguing problems in renal physiology and consequently in renal pathology has to do with the role of the basement membrane in the separation of the colloid elements of the blood from the crystalloids and water. This filtration presumably occurs across the basement membrane. A disturbance in filtration leads to the most important clinical signs of renal disease, namely, azotemia and proteinuria. The light microscope even with the best of stains does not reveal enough of the structure of the basement membrane to indicate the physiologic function that is disturbed in any given disease entity. In fact, in at least one important disease with heavy proteinuria (lipid nephrosis) the basement membrane may on occasion appear to be normal by light microscope.
In a number of other diseases the basement membrane appears to be thickened. The electron microscope has changed all this. To understand the changes that are now attributed to lipid nephrosis,5 one has also to understand the anatomy of the basement membrane and the associated endothelial and epithelial cells which compose the filtering apparatus of the glomerulus ( fig. 1 ). Normally the basement membrane is approximately 0.1 u in thickness. It Figure 2 shows changes in the glomerular capillary of a patient with lupus as seen under the electron microscope.
Chronic Glomerulonephritis
Chronic glomerulonephritis has been a popular clinical diagnosis for many years in patients who present few systemic complaints but in whom there is evidence of nephritis not due to primary infection or hypertension. It may be, as suggested by Earle and Seegal, 9 that chronic glomerulonephritis is due to a number of different causes; if so, we must then consider the diagnosis of chronic glomerulonephritis as a pathologic diagnosis with the kidney reacting in a single manner to different stimuli. It is our impression that chronic glomerulonephritis is much less common than one would predict on the basis of autopsy studies. This is probably due to the fact that much earlier lesions are being seen by percutaneous biopsy than are seen at the autopsy table. The stigmata of other disease may now be more easily and frequently identified. This has cut heavily into the group previously diagnosed as chronic glomerulonephritis. On the basis of the membranous changes a specific diagnosis of chronic glomerulonephritis cannot be made ( fig. 3) Since some of the relationships between pathologic changes in the kidney are yet uncertain, they must be interpreted with this uncertainty in mind. The diffuse membranous lesion of Bell,14 which he believes to antedate the nodular Kimmelstiel-Wilson lesion, the hyalin acellular fibrinoid lesion of Koss, sometimes called the glomerular fibrinoid cap, or the exudative lesion of the glomeruli in diabetes and some of the tubular lesions, particularly those described by Kimmelstiel recently, have yet to be accorded a high degree of specificity. Micro-aneurysms in the glomeruli are frequently associated with the specific nodular Kimmelstiel-Wilson lesions and retinal aneurysms.
To complicate the problem further, patients have now been observed with diabetes in whom renal damage is apparent without an abnormal urinary sediment. This dissociation of the histology and clinical findings can be discovered only by renal biopsy.
Arnyloid
Occasionally the discovery of amyloid will come as a surprise; more often, however, it can be suspected because of the presence of a chronic infection or debilitating disease. Occasionally this histologic diagnosis will require special stains of the kidney tissue. Also, early lesions of amyloid may be confusing. In our material an extension from either side of the basement membrane of the glomerular capillary has been demonstrated by electron micrographs of an early lesion before the light microscope reveals amyloid deposits. The electron micrograph once more plays a real though limited role in making a diagnosis. The kidney biopsy now ranks in importance with the liver biopsy as a means of making a diagnosis of visceral amyloid.
Toxemnias of Pregnancy
These entities have presented long-standing difficulties in diagnosis in the past. It is obvious that pre-existing renal disease may contribute to the clinical picture seen in pregnancy, and it is also obvious that some of the renal changes are produced by the pregnancy itself. A It is thought that the clinical diagnosis of acute glomerulonephritis is a fairly clear diagnosis. A history of upper respiratory infection, hematuria, recovery of the /3-hemolytic streptococcus, an elevation of the antistreptolysin-titer, and the characteristic facial edema, hypertension, and reduced kidney functions give a high order of confidence about the diagnosis. Unfortunately, this constellation of clinical and laboratory findings is not always complete or unequivocal. It is probable that an exacerbation of chronic glomerulonephritis, obstructive uropathies, focal nephritis, and acute renal failure have all been confused with acute glomerulonephritis. The appearance of birefringent fat in cells and casts suggests another diagnosis.
Although the acute proliferative and exudative reaction of the glomerulus is most characteristic, tubular and interstitial involvement is frequent. The proliferative change in the endothelium of the glomerular capillaries is a prominent feature producing narrowing of the lumen and ischemia with almost certainly a marked effect on renal blood flow.
From the point of view of the diagnosis of acute glomerulonephritis, the percutaneous renal biopsy is of very great assistance. Since the disease is uniform and diffuse, a small number of glomeruli may be sufficient to establish the diagnosis. Nonstreptococcal infections have been reported to give a classical pathologic picture of acute glomerulonephritis. 16 Enough uncertainty surrounds many of the cases of presumed acute glomerulonephritis to warrant a percutaneous biopsy. The possibility of a recurrence of chronic renal disease masquerading as an acute episode of glomerulonephritis is often very real.
In addition to making the diagnosis, the biopsies done to date have revealed that glomerular disease persists much longer than was anticipated from the study of the urinary sediment. A case has been observed with resolving glomerular disease as long as 14 months after the urine became free of albumin and formed elements.3 As a corollary to this, it is quite likely that a number of cases of acute glomerulonephritis with systemic complaints exist in which the urine is normal. We as well as others have seen acute glomerulonephritis presenting both with unexplained episodes of acute hypertension without albuminuria and as an episode of acute anuria. In the latter instance, of course, no useful urinary sediment was obtained.
Chronic Glomerulonephritis
It would be difficult to point to the involvement of any one segment of the renal architecture as being most TUBULAR DISEASE Except for the Fanconi syndrome and a few other rare metabolic familial disorders, the most important tubular diseases are acute and generally not progressive. If the patient survives the acute episode, an equilibrium compatible with an extended life span is usually achieved. As a consequence, tubular disease (except for these rare hereditary disorders and the complications secondary to chronic pyelonephritis) are of clinical interest chiefly in the management of acute renal failure. Many centers now take biopsies from patients in acute renal failure as soon after the anuria develops as possible.
The anticoagulant therapy during external dialysis increases the risk of hemorrhage from a biopsy made within the previous 24 hours. It appears to be reasonably safe to carry out dialysis 48 hours or so after a biopsy. The usefulness of the information produced by the renal biopsy will of course vary.
After due consideration of the sampling error some prediction about the recovery of the renal lesion is sometimes possible from the biopsy. A number of cases of anuria have been observed in which the degree of morphologic change was much less than that expected from the clinical state of the patient. A great deal remains to be done in the study of the morphology of acute renal failure. This is an especially fertile area for electron mi The electrocardiograms of 50 normal children and of patients with pulmonic stenosis, atrial septal defect, and mitral stenosis were studied to determine the frequency of the rSr' pattern in normal children and to determine factors that might yield the rSR' complex with QRS duration 0.08 to 0.10 second found in certain cardiac defects. Fortynine of 50 normal children revealed rSr' in at least 1 right chest lead. Direct leads from the epicardial surface of the right ventricle in 5 patients with atrial septal defects showed rSR' or rSR's' localized beneath the pulmonary valve. Intracavitary electrocardiograms studied during withdrawal of the catheter showed a splintered complex of the delay R-wave variety in the region of the right ventricular outflow tract. In 5 of 8 patients, following surgical correction of valvular pulmonic stenosis, the lead V3R changed to rsR' pattern. The electrocardiographic changes seen following closure of atrial septal defects were variable. Of 10 patients with mitral stenosis who showed electrocardiographic evidence of right ventricular hypertrophy before surgery, 4 exhibited changes following surgery from a RS pattern to an rSR' pattern. The evidence is interpreted as supporting the concept that the rSR' pattern with QRS time of 0.08 to 0.10 second is due to hypertrophy of the right ventricular outflow tract.
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